After a brief overview of the design and construction of the Compact Muon Solenoid (CMS) experiment, the installation of its detector subsystems and the general commissioning strategy is reviewed. Particular emphasis is placed on the performance measured with cosmic muons prior to and after the collision data-taking and on the observation of the first beam events. Presented at PANIC 2008,November 9-14,Eilat,Israel,15/01/2009 CMS status and commissioning Wolfgang Funk *
Introduction
The Compact Muon Solenoid (CMS) experiment [1] is one of two general purpose experiments being constructed for the Large Hadron Collider (LHC) at CERN. LHC is a proton proton collider with a centre of mass energy of 14 TeV and a design luminosity of 10 34 cm −2 s −1 . Since the collider will operate at 40 MHz, one expects one crossing every 25 ns. For each crossing of the beams, an average of 20 events is produced, leading to about 1000 tracks in the detector. Closest to the beam-pipe are the Pixel detectors, then comes the Silicon Strip Tracker, followed by the Electromagnetic Calorimeters (ECAL)and surrounded by the Hadronic Calorimeters (HCAL), all located inside the 3.8 T solenoid. Outside of the coil, Muon Chambers are interleaved with the iron yoke. The total weight of CMS is about 14'000 tons, the diameter and the length are 15 m and 22 m, respectively. The Level 1 Trigger is designed to reduce the initial Trigger rate from 40 MHz to 100 KHz. After software filtering, 100 events per second will be written to disk.
CMS status in fall 2008
The beam-pipe was installed in spring 2008. Both the Pixel detectors, which have been installed after the beam-pipe bakeout, and the Silicon Strip Tracker have been fully commissioned and operated. The Barrel of the ECAL has been fully operational since autumn 2007. The two Endcaps were installed, commissioned and operated only this summer. The complete HCAL is fully operational, including the forward hadron calorimeter HF, which was raised to its final position before the first beam. The solenoidal coil has been tested in situ in October up to 3.8 T, which is the operational field value. Note that the magnet was already tested in 2006 in the surface assembly hall. The outside of the coil with all services from the Pixel, Tracker, ECAL and HCAL, is shown in Fig. 1a . The Muon system comprises three different types of detectors: Drift Tubes (DTs) and Resistive Plate Chambers (RPCs) in the Barrel; Cathode Strip Chambers (CSCs) and RPCs in Endcaps. All these detectors are fully operational, except for the Endcap RPCs which are still being commissioned. The Level-1 Trigger and DAQ are functional.. The final releases for data taking software are already deployed. The only missing sub-detector is the Preshower, to be located in front of the ECAL Endcaps: it will be installed early in 2009. CMS is therefore ready for physics.
Commissioning prior and after the first beam
The Silicon Strip Tracker was recently commissioned with cosmic muons. 98.2% of all channels of the inner Barrel, 99.5% of the outer Barrel and 99.5% of the Endcap are operational. All Tracker detectors show good signal to noise ratios, with values averaged over all geometries of 21.1 for the inner, 25.6 for the outer Barrel and 28.3 for the Endcaps.
Of the 6.6 × 10 7 channels of the Pixel system, 99.2% of the Barrel is functional: 0.3% were lost before and 0.5% after the installation. For the Endcaps, 94% are operational. During installation 6% of the channels were lost due to a low voltage problem, which will be repaired over the winter shut-down. The measured noise levels are about 130 electrons for the Endcap channels and 200 electrons for the Barrel channels.
Muon tracks triggered by the muon chambers are well matched to the ECAL clusters. The mean value of the deposited energy of muons in the ECAL is 260 MeV, as expected. One observes also some catastrophic muon-Bremsstrahlung-events in the ECAL, where clusters have energies up to 250 GeV. A typical cosmic muon event is shown in Fig. 1b .
The DTs are used to reconstruct and extrapolate the muon tracks to the surface located 100 m above the detector: the effect of the reduced shielding due to the access shaft of the cavern can be clearly seen. This is confirmed by the significant Trigger rate increase observed when opening the 2 m thick concrete plug on top of the shaft. The hit residuals in the four different types of chambers amount to 270 µm, close to the design values.
With CMS closed and with all sub-detectors switched on, almost 300M cosmic events were recorded with magnetic field on and about 30M cosmic events with field off.
Commissioning with first beam events
At startup the machine provided single shots of LHC beam1, which runs clockwise, onto a collimator placed 150 m upstream of CMS. These shots were used to synchronize the Fig. 1. a) The outside of the coil with all services from the Pixel, Tracker, ECAL and HCAL. b) A typical cosmic muon event crossing all CMS sub-detectors CMS beam monitoring system to the beam timing. Using the beam monitoring system as Trigger, CMS recorded events in all sub-detectors (except Pixels and Silicon Strip Tracker which were shut down for safety reasons).
For those shot events, where a few millions of muons are produced, more than 99% of the ECAL channels fire. This allowed one to align in time all channels with a precision of about 1 ns. The total energy deposited in all Barrel and Endcap channels of the electromagnetic calorimeter reached 180 TeV. The total energy deposited in both electromagnetic and hadronic calorimeters reached even 1100 TeV. The shape of the tunnel, where the muons had to pass between the collimator and CMS, is clearly visible on the energy maps. By comparing these energy maps for the positive and the negative side of Barrel and Endcap electromagnetic calorimeter, one can clearly distinguish wether the clockwise or anti-clockwise beam was used, because of the attenuation of the muon yield in the iron of the detector. A strong correlation between the energy deposited in the Barrel electromagnetic and hadronic calorimeters was observed.
With the LHC beam traversing CMS, beam halo events were observed and reconstructed with the help of the CSC chambers.
Unfortunately, on September 19th, a serious incident occured with an interconnection between LHC magnets, forcing a premature winter shut-down of the accelerator.
Conclusion and outlook
After almost 20 years of design and construction, CMS has started data taking with cosmic muons rays and with LHC beams and recorded its first beam events. All subdetectors have shown that they are operational, including DAQ, Trigger and Computing. CMS is ready for the exciting physics with LHC.
